In the mechanical design of a turbine blade for an automotive turbo-charger, it is pointed out that the mistuning effect caused by the difference of the casting condition should be considered. Namely, the difference of the casting condition causes the small variation of Young's modulus of each blade on a turbine wheel. These small variations break the cyclic symmetry, and split the eigenvalue pairs. In the forced response of a mistuned system, the responses of all blades become different, and the response of a certain blade may become extremely large due to splitting of the duplicated eigenvalues and distortion of the vibration modes. In this study, the reduced order model FMM (Fundamental Mistuning Model) is applied to evaluate the resonant response of mistuned system. First, the frequency response analysis of mistuned system is carried out, using both of the FMM and the direct FEM, and the calculated results are compared to confirm the validity of the FMM. Second, the frequency response analysis of mistuned system is carried out using the FMM, the Monte Carlo simulation and the optimal method to examine the effect of various parameters on the maximum response of a mistuned system. In addition, the effect of the intentional mistuning on the reduction of the maximum response is researched using the genetic algorithm.
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3. 解析結果
No. of nodal diameter Normalized frequency [-] 1st mode family The number of grid points of the FEM model is around 14,000 per one segment and the total number of grid points of the whole model is around 120,000. In this study, the frequency response of the 1st mode family is examined in detail, assuming the resonance caused by the flow distortion. Fig. 2 Typical vibration modes of tuned system (1st mode family). In the tuned system, the vibration modes show the periodicity. In the frequency response of the mistuned system, the natural frequency and the vibration mode of the tuned system calculated by FEM are used as input data to the FMM. 布を示している． 図 7 は，ワーストミスチューン系の振動モードであり，Case 1 と同様に，ミスチューンの影響 Fig. 3 Typical vibration modes of mistuned system (Case 1). In the mistuned system, the duplicated eigenvalues split into two single eigenvalues and the periodicity of the vibration mode is lost. As a result, in the forced response of a mistuned system, the responses of all blades become different, and the response of a certain blade may become extremely large. The maximum amplitude and the mistuning distribution (the frequency deviation of each blade) of the worst mistuned system is calculated by the Monte Carlo simulation, where 10,000 calculations were repeated, assuming that the distribution of the blade alone frequency follows a normal distribution given. In the worst mistuned system, the maximum amplitude becomes 1.7 times larger than that of the tuned system. Fig. 7 Typical vibration modes of the worst mistuned system (Case 2). Also in the worst mistuned system of case 2, the duplicated eigenvalues split into two single eigenvalues and the periodicity of the vibration mode is lost. As a result, in the forced response of a mistuned system, the responses of all blades become different, and the response of a certain blade may become extremely large. The maximum amplitude of the randomly mistuned system increases rapidly with the coefficient of variation of the blade frequency σf and then gradually decreases after reaching a maximum around σf = 1%. The maximum amplitude of the randomly mistuned system becomes 1.7 times larger than that of the tuned system. The resonant frequency range is also widened as σf increases. Fig. 13 Amplitude and resonant frequency range of mistuned system (H=3, δ=0.01). For the frequency response to H=3, the mistuning effect is almost the same as that for H=5 shown in Fig. 11 . Namely, the maximum amplitude increases rapidly with the coefficient of variation of the blade frequency σf and then gradually decreases after reaching the maximum around σf = 1%. The maximum amplitude of the randomly mistuned system becomes 1.7 times larger than that of the tuned system. The resonant frequency range is also widened as σf increases. Fig. 12 Amplitude and resonant frequency range of mistuned system (H=5, = 1%).The effect of the damping on the amplification factor and the resonant frequency range is small. The amplification factor and the resonant frequency range hardly change if the logarithmic decrement changes from 0.05% to 1%. The amplification factor calculated by the Monte Carlo simulation is nearly the same as one calculated by the optimal algorithm of Matlab. Resonant frequency [-] Fig. 14 Relation of the blade count and the maximum amplitude (H=5). In the parametric study on the blade count of a turbine blade, the natural frequency of the turbine blade is estimated by scaling the number of the nodal diameters of the vibration modes as shown in Fig. 14(b) and Fig. 14(c) . With increase of the blade count the maximum amplification factor increases. This tendency is consistent with Keynon's theory. 
を低減できるように明瞭なミスチューンを与えてタービン動翼を設計しておき，製造時に生じるランダムミスチ
No. of nodal diameters, n Normalized frequency [-] No. of nodal diameters, n Normalized frequency [-] No. of turbine blades Fig. 15 is obtained by the optimal algorithm DDE (Discrete Differential Evolution) assuming that the turbine wheel consists of just two kinds of blades. One of blades is H blade with the higher frequency by 3%, and another blade is L blade with the lower frequency by -3%. Fig. 16 Frequency response and the maximum amplitude of intentionally mistuned system (H=5, δ=0.01). In the frequency response of the intentionally mistuned system without random mistune, the maximum amplitude can be suppressed to 0.89 times of that of the tuned system. In the intentionally mistuned system superposing the random mistune, the maximum amplitude can be suppressed until the coefficient of variation of the blade frequency caused by the random mistune increases up to around 2%. For the realistic coefficient of variation of the blade frequency of around 1%, the maximum amplification factor can be reduced to 1.4 from 1.7 of the randomly mistuned system. On the other hand, the resonant frequency range becomes wider than that of the randomly mistuned system. 
